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Abstract o 

The in situ-method for shale oil recovery consists in heating the diale el Me- 
trically f without mining it* The method was invented by F* Ljunsstrom in 1940* 
-A thorough research rork ras mede. Tlie method res treated met h erne tically , chemi- 
cally, physically end ras found to be workable. The special construction end ;te .: .. j 
problems were studied in field tests end^«r%ilot plenty In 1944 the first full- 
scale plant vr?s erected by the Svredish Shale Oil Co. at Norrtorp. 

The shale is hoated by about 2000 electrical elements, arranged in a hexc^oj;;-] 
hole pattern* covering a part of the field. The finel temperature of the shale :, 
400°C, T^iich is reached after about five months 'heating . Before the heating the 
ground rater in the shale is pumped array o 

The shale is covered vath a gas-tight cap rock of limestone, which prevent:) 
leakage of the vapors uprards. The oil vapors end gases are generated under a 
su-perpressure, high enough to force the products up through the vapor wells 
in the centres of the hexagones, through tubings, condensers, T?eshtovrers end to 
the sulphur recovery plant vathout fans* 

Successively a3 the heating of one part of the rock is finished, a net? x .ir- 
is heated. Thus a gigantic heat vrave proceeds through the field rdth a velocity 
of 140 meters per year* A good deal of the equipment i3 therefore movable f;a 
follow the "heat front \ 

A specially designed, effective, air-cooled condenser type is used. 

The products are of high quality* The crude oil is yellow-green and has 
a high gasolinecontent (about 52 percent^ . The gasoline is highly saturated e>:id 
easily refined. 

The gas contains about 25 percentsof HgS, trhich is recovered as elemental 
sulphur of highest quality in an Alkazid-Clsus-plant. The purified gas has a rem: 
kably high net calorific value, 8JP0 kcals/m^. It is, used for bottled-gas recov* 
ry and a3 a fuel. Certain amounts of ammonia are obtained from the pyroly3is 
water. 

The production per sq..meter of the field area is: 
oil, 10?5 liter, desulphuretted gas 65O m', sulphur > 3?0 kg, ammonia 8 kg* The 
porer consumption is 6.4 kTTh/liter of oil* Thus the plant p^duces 3.19 cal3 pro 
l*o cal consumed. The total field effect is 20,000 kW# 

The method m?=y be further improved and completed. If part of the product:? s. ■•; 
used as fuel in a steam poorer plant, the method may be thermally self supporting* 
The heat in the spent 3hale left behind may be used for vegetable grovang. It mf: ; 
also be possible to inject air (or oxygen) in the hot spent shale end igrii:o Jt 
in order to recover its heat value (e.g. as producer gas). 

T'».e Ljungetrom method is also applicable to lignites, coal, oil stnd3«td. 



Introduction* 

" ) 
Since the beginning of the second world war an important shale oil indu- I 
stiy has grorn up in Sweden. The works are located at fcvamtorp in the middle of 
Sweden and hove been described by Schj&nberg fl^ . Four different methods focr the 
oil recovery are used, namely two retort methods f one tunnel oven method and 
the in situ- method* The scope of this paper is to give a description of the in 
situ-method. As this process is quite new end unique a special emphasis will be 
laid upon such problems that are specific for this method* 

The method essentially consists in heating the shale underground without 
mining it* and was invented by Dr. Fr> Ljun^strSn in 1940 ( j) * Although proposed 
also by other inventors, the in sltu- principle has not earlier or elsewhere 
been brought up to a full scale plant. 

History. 

An essential part of the costs for shale oil recovery by retorting methods 
are the costs for mining and crushing the shale and for conveying it to and from 
the retorts. These considerations led Dr. Fredrik Ljungstrom to the idea of hea- 
ting the shale directly in the rock, in situ . The heat might be supplied in the 
form of superheated steam, electricity or through combustion of a suitable gas- 
eous fuel* 

The research v/03 started in 1941 along three parallel ways. The physical 
data and the chemical behaviour of the shale at heating were studied in the 
laboratory* The complicated problems concerning heat conduction, pressure distri- 
bution and How of vapors in the shale layers were studied theoretically. The 
technical problems, such as construction of the heating elements, choice of 
materials etc. were studied thoroughly in field teste* 

The laboratory experiments showed that the physical conditions for the 
method are fulfilled. The shale is laninated and the oil vapors can flow through 
the shale in the openings between the layers. The heat conductivity is not very 
high (A =0*45 kcals/m 2 t h,°C/ra, perpendicular, A « 1.80 kcals/ra 2 ,h,°C/m f parallel 
to the bed plane) , which of course is unadvantageous to the heating of the shale, 
but advantageous in preventing heat losses to the surrounding e . . The mean 
specific heat between 0 and 400°C is about 0*33 kcals/kg f °C. (Fig. 1.) 
(These determinations were made by V^idell (4 )* 

Th experiments on the chemical behaviour of the shale revealed the following 
important* facts: 
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Placed in bore-holes, vertically drilled in the ahale and uniformly distri- 
buted over the field. A he,a e onal hole pattern wee chosen with the .1— t. in 
the cornera and the vapor outlet wells in the centres of the hsiagones. 

The calculations showed that there would not be a uniform distribution 
of t e^peret are in the .hole sbale msee, according to As low heat conductivity. 

in red al directions out ^ the element. The higher the auppUed effect, the 
durij t « *-^»*«. «x™. to idea of the heat distribution in the shale 

no permit too hi £ „ temperatures, it was evident that the rate of energy supply 
must be correlated to the ma=dmum element temperature. The necceesity nZ to 

ft** t^—l— effect, because of th. creeling of the products that takes 

place at higher temperatures, 
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The field tests simultaneously made showed the correctness of the theore- 
tical calculations and predictions. They also shewed the existance of a number 

of important technical problems, ^ich had to be sol.ed before the method *as 
~ e . Different solutions ^ tried . ^ these fieid ^ ^ seve ^ 

heating B edij™. are possible , only electrical neating ^ hitherto ^ ^ 

in tests a„d plants. Some examples of problems involved may be mentioned: 
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The full-s cale plant at n^ t^ 

After the promisine tests a full-scale plant ra s constructed andbuilt by 
the S,ed 1? h Shale Oil Co. at Korrtorp, near the retort plante at Kvamtorp . 

* ,T ^ 13 h " re 6W " ™ter in thictaeoe and the layers are a 

1" ? ^ S ° Uth - ** *~ U 13 • batons layer 

.tart 6-7 meter thick, except alone the ease, rtere both the shale and the lime- 
stone crop out in the open air. ne . ,. Ths shale for the retort methods is mined 
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exists each other very .ell. Tha hy-product plants are c=»on tc bothpiante. 

at onfL , V 3 ; eCtar ^ l8r 8 ^ itb * "° "» ^tins »as started 

of 11,800 s^. Succeesively. as the heating is ccpleted in rae . „„ 

row is started. The hasted zona ("the heat front") thus „ovee through tha rode as 

of the field is given on fi e . S. 

The plant equipment is partly stationary, psrtly m ovahls. Ths mobile outfit 
cone a a of drilli.^schines , puaI p e , l m ^olt^e field transf or„era . cablea, «c- 
den cable covers, end the vapor line system. The stationary apparatue are: main 



pipe lines, condensers, rater separators, washing tower, tankeee, meters and 
pumps, further a high-voltage transformer station, a switchboerd station and an 
auxiliary diesel engine with electric generator. Further may by mentioned faci- 
lities, such as electrical and mechanical workshops, stores, laboratory, office 
and canteen. 

Preparation of the field. 

— — 0 tf 

Apart from the cutting pushes and trees no clearing of the field surface 
is required. 

The drilling is performed with about twenty rotary drilling machines rith 
hard metal bore crowns. (Fig. 7.) The hole diamter is 5.6 cm. The holes are 26-26 
meter deep and pass through ebout 2 m of soil ,6-7 meter of limestone and 17 me- 
ter of oil shale. 

The holes are arranged in a hexagonal pattern with en edge length of 2.2 
meter (fig. 6) . 

Immediately after the drilling the holes are lined with iron tubings. The 
vapor wells are open through the oil-producing layers and are lined only through 
the overburden. The tubes end about one half raster above the ground surface. 

The element holes are lined from bottom to top. The casings are manufac- 
tured by the steel works in their definit lengths, about 26 meters. It is, how- 
ever, not possible to sink them in the holes directly, fcy raising the tube its 
upper end would namely be bent down by its own weight. For this reason there is 
used a special tube-sinking equipment (Fig. 8) . It consists of . a mast, as long 
as the tubes and revolving around a horisontal shaft. The tube is attached to 
the mast in down-position. By means of a counterweight and an electrical motor 
the mest is elevated to vertical position just above the hole and the tube is 
dropped. The elevator is movable on wheelp from hole to hole andis loaded with 
two tubes a time. 

The cosine is closed in its lower end and has a diameter of 4.8 cm. Be- 
tween the tube wall and the rock there is an annular space,' which is filled with 
fine-grained send in order to facilitate the heat transfer. The sand is suspen- 
ded in water and the slurry iB poured down under vibration. Thereby the sand fills' 
up the space and the water flows away through fissures in the shale. I 

Inside the tube the electrical element is placed. Fig. 9. It consists of an \ 
ironchromium resistance, fastened to the bottom of the tube, which serves as re- \ 

r 

turn conductor for the current. Between the upper end of the resistance and the j 
element head runs a soft-iron connection, the resistance of which iB low enough j 
not to cause any serious heat evolution in the nonproducing overburden. In order \ 
to increase the heat-emitting surface and thereby lower the element temperature, j 
the resistance has been given the shape of a double, corrugated ribbon, j. 
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The element is inserted after the casing has been put into ita place in 
the hole. To increase the heat transfer, the space • between the element rib- 
bons and the tube wall is filled with quartz sand which must be absolutely dry 
and free from iron particles and other impurities, which could cause short- 
circuits or flashovers. 

Normally the ground water level in the field stands 50m swhere in the soil 
layer. As there are considerable amounts of' water contained in the fissures 
and spaces in the shele it is neccessary to sink the ground water level before 
heating. This is performed by means of pumps, which are sunk down in two or 
more rows of vapor wells on n little distance from the "heat front". Fig. 10. 
Of course there will always be a flow of water from the surroundings towards this 
level, but this flow is counteracted by the high pressure of gBses and vapors 
in the heated shale. Further some oil vapors leak out between the layers in the 
surrounding and are condensed. Thus e thin oily film covers the surface of the 
fine laminar channels in the surrounding rock. Because, of the interfacial ten- 
sion between oil and water, no water can penetrate those channels. On the other 
hand further out from the field the capillaries are waterwet and consequently no 
oil can leak out. Thus, as far as tho narrow channels are concerned, the sur- 
face tension builds up an unpermeable wall around the hot shale. Of course the 
coarser fissures cannot be tightened in this mainer. \ 

• -\. . 

Power Bupply. 

The electric power has hitherto been supplied from a hydroelectric 
power station to .the Lj-plant by a high-voltage line. In a transformer sta- 
tion the voltane is reduced from 132,000 to ?2,000 volts. The power then pas- 
ses via a switchboard station to eight field transformers , each supplying one 
eighth of the field with energy (fig. 11). The transformers are movable on rails 
and follow the advancing "heat front." with one week displacement between each 
section (fig. 6). They reduce the voltage to 152 volts. From, these transformers 
the power is distributed to the element rows through thick copper rods, running 
under wooden covers (fi 6 . 12) and from these to the individual elements through 
short cables (fig. 13) . Three-phase current is used and each element is cut in 
"Hetreen one phase and earth that serves as zero conductor. The total power 
required is 20,000 kW. 
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Further treatment of the product s» 

From the separators the crude oil and the gasoline saturated wash oil are 
pumped to the refinery, T?here gasoline f kerosene and fuel oil are manufactured. 
In a stabilizing plant also liquid propane-butane is recovered. 

The pyrolysis rater contains about 8 grams of NHj per liter, which is reco- 
vered as ainmaniumsulphate. 

Sulphur is recovered from th& uncandensable ga$ in an- Alkazid-Claus-plant , 
x-hereafter the gas is used as a fuel (at present for steam generating in a power 
plant; formerly as domestic fuel in a neighbouring town)<> 

Ana lysis nnd yield of products. 

The laboratory investigations had shoTm the difference betroen the oil 
from alov: and from rapid pyrolysis. The sane results are obtained in the plants. 
The oil from the Ljimgstrdro-plant ia light, yellow-green (but darkens in the air) 
and of more saturated character than the retort oils. Of special interest is 
its high gasoline content. Some analysis data are collected in tables I and 

Table I; Analysis of L.j-crude oil. \ 

Specific gravity (at 15°C) : 0jG70 

Gasoline contend , 0-?00°C: 52 ;J (by volume) 
Table II: Analysis of proline fraction from L t j-crude oil* 

Fraction Q-170°C: 

20 

Refractive index, n^ * 1.43?0 
Iodine number (ffiibl^GO 
Sulphur content » 0.8 %. 

Aniline point -J6.0°C • 
Ho T?ax and practically no lubricating oil fractions are present in the 
Lj-crude oil. 

The oil i3 refined to gasoline, kerosene and fufel oils, From the latter 
fraction certain amounts of transformer oils are obtainable through a solvent 
extraction and hydrogenation process, 

# The quantitative yield is as mentioned in a previous section a little less 

j thnn%QTQ rapid methods of jryrolysia. The efficiency, relative to the Fischer 

i 

assay test is about 60 On the other hand the higher parcentual gasoline con- 
\ tent end its better quality more than counterbalance the lower quantitative 
\ yield. 

' An analysis of the uncondenseble gas after -washing out the C^-and Cg- 

| hydrocarbons, io given in Table III, 



Table III. 



Gas analysis. 


Gas 


Crude 


Pure 
(desulphuietted) 


co 2 

CO 

°2 
N 2 
H 2 

C n H 2n 

C H 
n m 


5.o # 
25.o 

0.5 

O.o 

2.0 
I8.0 

4.0 
45.5 


6.7 % 

0.7 
O.o 
2.7 
24.0 

5.3 

60.6. 


Gross heat value ,kct 
Net ■• 


3 l/m 5 

n 


9100 
8300 



Sulphur is recovered from this gas through selective washing. Also bott- 
led gas (propane| and butane) are recoverable froin the gas in an amount 
of about 200 gram/m 5 and a full-scale plant for this purpose is under const- 
ruction* ' \ 

The total production pr field area unit is oh an average: 



Gasoline 
kerosene 
Fuel oil 
Total oils 

Liquid propane and butane 

hashed gas 

"Sulphur 

Ammonia 



315 liter/ sq.m 
160 " 



u 



1025 liter 
80 kg 
650 m 5 
320 kg 
8 kg 



Pro year is worked out a Held area of 25, ODD mf corresponding to about 
875|00O tons of shale. 
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The energy consumption. 

Of great int erest is the power peed for the Lj- plent„»_expreBsed mo st 

properly es kilowatt hours per liter of oil. This energy quantity includes 
the heat required to raise the temperature of the shale plus the heat of . 
reaction, plus the heat, necceesaiy for vaporization of the remaining 

water in the shale and also the heat losses to the surroundings. The first 
two of these terms are fixed for a certein shele (but of course depending 
on the shale qualities)* The third is depending on the efficiency of the 
ground T?ater pumping, or rather, on the rate of inflow of new ground v/ater 
frorn the surroundings. Thus it is, as also the fourth term, mainly dependant 
, on the length of the field edge relative to the field area, the.t is, the 
larger the field the less the heat for crater vaporization and heat losses. 
In fig* 15 is shown the energy consumption at different plant sizes • As 
a measure for the latter is used the effect supplied to the field, hut 
of course also the field area could have been taken* The points in the 
diagram have been obtained in the field teats find in the BemL- and full 
scale plants. As is seen, the consumption approaches a minimum limit of 
about 4.9 IcVh/liter. In the fullscale plent at tforrtorp the figure is 
6.4 kHi/liter. , 

As the energy costs are of utmost importance for the'econoiry of the. 
Lj- method T?e nay discuss them a little more. These 6.4 kV*h do not only 
produce 1 liter of oil but simultaneously also 0.650 cubicmeter of a gas 
77ith as high a calorific value (net) as 8300 kcal/m^. Further there is produced 
about 320 gram sulphur and about 8 gram ammonia. If all products end invol- 
ved energies are converted to a conmon unit, e.g. calories * one obtains the 
following thermal balance for the Lj-plant at Norrtorp. 

Table IV: Cals/loo cals, totally involved 

Debet. Calorific valuo of the ahale ?.r 92.7 

Supplied power 7*3 

Total 100.0 

Credit. Calorific value of the produced *o±l * '1 I3.4 

,f • ■ « » w if • "sulphur . 1,8 

Condensing end cooling of the products ?.5 

Losses of heat, oil and gas to the sur- T.8 
rounding s 

Temperature heat in epent shale 3.5 

Calorific value of spent shale* 67*9 

lOO.o 
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The energy balance is shown graphically in fig. 16. 

If we regard the Lj-plant as a kind of conversion unit from electrical 
to calorific energy *e may say that the mipplied 7,3 unite of electricity 
are converted to useful products (oil, gas, sulphur) Mth a calorific content 
of 23,3 units. In other nords, the plant has a thermal efficiency of as much 
as 319 percent (if *e do not consider the consumption of calories from the 
shal e) . 

Economy ^ ' 

The moot outstanding difference between the Lj-method andlthe retorting 
methods is the abs ence of shale mining, crushing and^con^ying. Also econo- 
mically this is' ^he.most important difference. TCiile the pretreating of the 
shale before pyrolysis i'Tthfi-J^argest factor^nthe total costs for the "retort- 
oil" , the heating ia the largeBt^o^xf^tor in the "in aitu-oil" In the Norr- 
torp plant the energy costs have^ounted'^^bout 50 per cent of the total 
costs. The^ relation betreenthe different cost facials shown in table 7. 
This diagram does noVinclude return on spent investment>9atte other hand 
these costs include" research and experimental construction » ihicb etrictly 
ta'ren, are not connected with the normal operation of the field. 

Table 7. . ; ... \ 

- .Distribution of the production-^osta. 
Electric poorer ^^^^ 4 8 »9 7* 1 

Consumption materials 18. o % 

Labor costs 

Equipment (inclfiding repair) 
Administration and research 
Other costs (facilities etc.) 3.o# 

A panorama of the Lj-plant is shovm in fig. 17. 

Further development of the L.iunestrSm method. 

As mentioned above the full-scale Lj-plent *ae started in I944. Of course 
there are still several problems ujhich have not yet been definitely solved and 
•tfiere thus important improvements may be made. 

A number of such problems have been taken under consideration and research 
rork. is going on. Some of these questions and the results hitherto obtained 
may be mentioned here. In some cases the results ere of insnediate actuality, 
rrhilst others are of interest irchen a new plant is planned. 
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The thermal balance diagram, fig. 16, may be taken as a starting-point 
for the discussion. It must, however, be noted, that it is not always permitted 
to "translate" the consumed power and the produced oil and gas to a common unit, 
e.g. calories, since these two kinds of energy are not always interchangeable 
in their use. Thesis always a great need of liquid fuels that cannot be com- 
pensated by electric power. For such reasons the oil calories are often more valu- 
able than electrical calories. 

Tith these remarks in mind we may diecuss some of the possibilities to increa 
ee the ratio: products 
input energy 

Because of the relatively lor overall thermal efficiency of a steam power 
plant (about 30 0 there is at present no possibility to use part of the produced 
oil and gas as fuel and thus obtain enough electrical power for the Lj-plant. But 
if a larger Lj-plant is built, the diagram in fig. 15 shows that the net energy 
consumption per liter of oil will be less and thus it will be possible to build a 
self-supporting plant, if e.g. all the gas and part of oil is burnt in a steam 
power plant. 

Another possible combination, which gives a higher efficiency of the whole 
plent ' is to preheat the shale by means of low pressure steam\from a counter 
pressure turbine before the electrical heating is set on. 

Another interesting possibility is the use of the field as a large energy 
accumulator . (7). The pyrolysis does not start before the temperature of about 
?8C C is reached. If the shale in the field is heated to this temperature, no 
considerable oil and gas production occurs. 

This fact may be used in the following way. Under periods, when plenty 
of cheap power is accessible, fi larger field is heated up to about 280°C. Because 
of the low thermal conductivity of the shale, the heat can be stored in the rock 
for a long time (years), men a period of power or fuel shortness is coming, 
some additional heat must be supplied for pyrolyaing the shale. Thereby a 
considerably higher production is obtained than would have been possible with 
the actual power supply (without preheating). The advantage of this rethod 
nny be expressed in different ways: 

a) the surplus electrical poyrer (in the nights,or in summer, or in rain- " 
rich years) instead of being wanted, is accumulated. 

b) the production costs for the oil can be considerably decreased, since 
the main part of the power need can be cheap second-grade powar. 

c) vAen the supply P .nd demand of fuels and electrical energy are not in 
balance, this is a means of restoring this belance through transforming 
electrical energy to liquid fuels (in the field) or fuels to electrical 
energy (in the connected shale-gas heated steam power plant). 
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e, T+ ;:;r . . llne ' accordin€ t0 cai - iati °- — ■ 

,,pT; ' ! " ^«1 (V found, hoover, that the cooling 
r^Z-^T* Tnp,:: ' K ^ U!?StJ ° f th * inf1 ^ of eround water in. the ia, lW 

^^^2.^.^-^' ^ ^ "'* Cr thf? h0t ^porir.eo. 

r-l^ r l!','!r' ! " ;: ^ 0; ' ? ' ,iVn n0rS conS6 ^ sntl y °u**ards through other 

T J ' n tr,rOU6h co ^naation in the cooler oufroundin^. 

IZZLZ VU ; 1 , ' " ^ TOpid heot fl0T * the field until the t*,„.. 

" ; ' ~ 4 C ' " ;3 -" " little below 100% hereafter no 

t^„„, h ....,.. r Trn " • ' ' ™ rapid moling ceases... The hes t trau,- 

! sf r-ft U-.o r,; !: Yi f; ^? , , J , « lc " : "' ^'"Gral years 
" 2 . 5? "oo-cd to below 100°C. 

f i.vi . hl ,./:;: ^ mwt ° f thR h >°* - ^^tted u^d, to . 

.n,,,.^, , T . * J '™* h ^ * ™»«i*^ly *Lehev tamperatur. than 

' » *» MOT P»d« with positiTo rooi-lto !.,» 

;,:T5' tta 7 w toU; - ^ ^ •»«* —..-i. t^t«, buma 
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a) for heating neighbouring unpyrolyzed shale* In this case the j 
electrical energy may be unnecceeeary for the oil recovery , apart 

from a little amount needed fbr igniting the shale at the start j 

i 

of the plant. This is a farm of a thermally self supporting plant* j 

b) for meintaining the higher temperature in the field and thereby crea- 
ting conditions for a longer lasting growing of vegetables* 

c) for generating producer gas (at higher temperatures) » which is collec- 
ted through another similar tube system as the oil vepotirs. and used 
as a fuel* This method for recovery of low-value coal energy is. as 
wellknown* in use in Russia and elsewhere* 

Soni experiments on air injection and ehale combustion have been made in 
the semifull scale Lj-plant at Norrtorp, when oil recovery was finished* The 
tests rere on the whole successful! » al through the presence of fissures in the 
seam caused some diffieul ties in maintaining an even combustion througnout the 
ehale. Another experience was that the temperature that is neccessazy for pro- 
ducer gas formation (about 900°C,) probably can not be attained with air, but 
requires injection of oxygen or air* enriched with 03^gen. The experiments are 
not finished, but are temporarily set aside for other problems* 

' .eld restoration* * ' ^ 

In a previous section is mentioned the possibility of using the spent shale 
field for greenhouses etc* If larger areas are worked up* it may perhaps not 
be possible to cover the whole field with such houses. As the akale is situated 
In a good farm district it mil then be'desirable to restore the field for 
farming purposes, successively as the front advances* 

The only visible remains ofter the oil recovery are the tipper tods of the 
element and vapor tubings, which stand up about one helf meter above the 
ground* It is not now possible to lift the tubingp out of the rock after heating 
because of the tightly filled sand outside the tubings and of the small, horizon- 
til displacements which occur in the shale layers at the heating. 

Methods are, however, worked out for the removing of the upper parts of 
the tubes. The element tubes are eirxptied from inner sand filling to a depth 
of abouit one meter. The tube is cut off ftom inside and the Upper part is lifted 
by means of a portable winch* 

The ploughs never go deeper than one half nater end therefore the tubes 
left behind in the rock are no obstacles for using the field as farmland. 



The application of the Lj-method to other materials* 

The in situ-principle is not limited to oil shale. It is also possible 
to apply it for carbonization of lignites and coal, where the conditions are 
about the same as in ehale* But also bituminous, sands, oil sands and other ma- 
terials, which contain free oil may sometimes advantageously be treated in the 

98ITH! TTSy. 

In recovery of oil from sandstone through drilling and pumping only part 
of the oil content is recovered. To increase the yield the oil producers flood 
the rock with water. But even after water flooding considerable quantities of 
oil remain in the rock because of viscosity and surface tension phenomena. A 
common figure on the remaining oil after -water flooding is one third of the 
oil orginally present, but Fettke estimates that 60 percent of the total oil 
in the Bradford pool, Pennsylvania, will remain after the entire pool has been 
watered out 

$y heating the rock according to the Lj-m^thod it seems, however, possible 
to lower the viscosity and surface tension and so facilitate the flow of the 
oil towards the wells. This usage of the Lj-method differs from the shale oil 
recovery in that the oil in oil sand is not heated above its boiling point and 
is thus obtained in liquid, not in vapor state* \ 

In some kinds of ( bituminous sands, on the other hand, the oil is not pre- 
sent as free oil, but as a bitumen, vtoich cracks to oii at heating to about 
200°C. Such sands are found in Canada (Athabasca). In such sands water flooding 
is of no effect. Alining and heating ii in "retorts or containers is expensive 
and difficult* Heating in situ therefore seems to be a suitable method for the 
oil recovery. 

If the in-situ-method is to be used on a certain deposit (shale or sand) , 
it must be given that special design, which is most suitable for this purpose. 
There are great possibilities to adjust the well pattern, the element construc- 
tion, the effects, the temperatures, the drilling methods etc 0 to the local con- 
ditions. If for example, the material is very deeply situated, it mey probably 
be suitable to increase the well distance in order to decrease the drilling and 
tubing costs and simultaneously make the heating periods longer. The method is 
thus very flexible to varying conditions. 

Of that reason it is not possible to make any general statements about 
the economy of the Ljungstrom method. An individual estimate must be made for 
every special project. The most important coats are, however, always the dril- 
ling and tubing costs and the electrical power. 
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Wien considerine the economy, one must also remember the v«, r ;., C|:lir{js < 
fact that the efficiency of the method is quite dependant on the q^im,- t 
the shele (sand). All figures given in this paper re f ar to a allele . Uui 
has a Fischer oil content of 6 % (b.w.). Boat of the supplied IhM; , 
erer, required for heating the inorganic matter in fee ahale to .!()(,': 
only a little amount ia consumed for conversion of the kerogen tc <■,] ' 
If therefore the oil content of a ahale is 12 * (b.w.) the methoci vi \ I ,i, r 
twice as much oil per supplied power unit as in the Norrtorp plar.t, or 
other words, the specific power consumption will be 3.2 Wb/littr i-rt = -,a 
of 6.4 krh/liter. 

Discussion.. 

Although quite ner the Ljungetrom principle has already demc cm r-;= t,c - 1 
possibilities. The first laboratory investigations were made in J„ ;rj , q . , 
end a little more than three yeera later the full scale field was eU^c' : 
course there were a lot of special problems involved, which had rot 8B :c!io- 
been met with in design and construction- practice. The problems nn s -| vt . 
the plant has worked satisfactorily. But it may be foreseen that there -dl" 
be several improvements made on the plant successively as the time r^rits - 
more thorough investigation of every special problem revealing ^, „ 3 , !qu . U 
solutions, \ 

Mother outstanding feature of the method is its applicability ',- lltfi = - 
and other fossile fuels under varying conditions. Some designer - to, "< 
calculations recently made on forei^jn projects have indicated thai , t] c 
may be used vdth sucess elso on deeply situated shales and oil be:* 

There are elso further possibilities in the method, which u * :::,! vet 
used, e.g. the growing of vegetables on worked-u P field, the comb ,s i:u:n' cf 
spent ahale through air injection etc. 

The plant ia temporarily at a. stand still becfeuee of the abort.,,,. :.n , .tar 
power in Sweden, but as soon aa the Swedish Shale Oil Company's ov.n B ,.| st, am 
power plant, now under construction, is complete, the Operation ,111 b, «t. H;e,l 
again. This power plant will produce power from the surplus high T r B : M ,,« , t.a» 
from 4 h n Bn^U K , nut u iy - retort ovens. The two methods will thus ro,^,, :, , 3C h 
other veiy well . 

The oil, produced by the Lj-method, is of a remarkably good 3 u, , ] „t 
of its "refining" is made, so to say, down in the rock during th. h,n- Ln € : 

At last may be mentioned the low requirements of operating pim-W » 
minimum land wasting, the low capital investments, th^w ^ ^ ^ .^^ 
IS**? and the clean and dustless operation. 
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